A non-dipping pattern in ambulatory blood pressure monitoring (ABPM) increases the risk of cardiovascular disease. The association between renal function and the dipping pattern has not been studied in a random middleaged population. This is a cross-sectional populationbased study of 226 males and 234 females aged 40 to 62 years. Renal function was assessed with estimated glomerular filtration rate (eGFR). Non-dipping status was defined as a reduction of o10% between the daytime and the nighttime systolic BP. Non-dippers represented 18.7% of the study population. Subjects in the lowest and in the middle eGFR tertiles had an independently increased risk of non-dipping in comparison with those in the highest eGFR tertile (odd ratios (OR), 2.34 (95% confidence interval (CI), 1.18 to 4.63) and OR, 2.01 (95% CI, 1.06 to 3.83), respectively). This study showed that even a minor deterioration in renal function is associated with increased risk of non-dipping pattern in ABPM in a random middle-aged population.
Introduction
Chronic kidney disease (CKD) is recognized as a major public health problem. 1, 2 Even mild renal insufficiency is an independent predictor of cardiovascular disease (CVD) or death not only in high-risk patients (that is, individuals with pre-existing CVD or multiple risk factors for CVD), but also in general or elderly populations as well as in patients with primary hypertension. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] Kidney failure is frequently accompanied by changes in lipid and glucose metabolism, increased levels of oxidative stress, thrombosis and inflammation, evidence of endothelial damage as well as elevations in blood pressure (BP)-all of which increase the risk of CVD. 15, 16 It has been suggested that 24 h average BP is better than office BP in predicting target organ damage associated with hypertension. The non-dippers (subjects in whom nocturnal BP falls o10% of the average daytime value) have also an increased risk of suffering from CVD and mortality as well as organ damage progression. [17] [18] [19] [20] [21] [22] In certain patient groups, non-dipping is more frequent (for example, individuals with diabetes, insulin resistance, hypertension, chronic renal disease, obstructive sleep apnea). [23] [24] [25] [26] [27] Although renal function has been shown to associate with the dipping pattern, 23 there is little published data whether this association can also be observed in a random middle-aged population, which is the target of this study.
Materials and methods
Study subjects This is a cross-sectional population-based study. The subjects were participants of Oulu Project Elucidating the Risk of Atherosclerosis Study, which is a population-based epidemiological study assessing the risk factors and disease end points of atherosclerotic CVDs. The details of the study have been described earlier. 28 In this study, we have examined the control cohort of the Oulu Project Elucidating the Risk of Atherosclerosis Study Project consisting of 460 subjects, for whom creatinine measurements and ambulatory blood pressure monitoring (ABPM) recordings were available. The participants were interviewed, examined and tested in our research laboratory. The study was conducted according to the principles of the Declaration of Helsinki, and approved by the Ethical Committee of the Faculty of Medicine, University of Oulu. Informed consent was obtained from each participant.
Laboratory analyses and clinical methods
The blood samples for laboratory analyses were obtained after an overnight fast and plasma was separated by centrifugation and stored at À20 1C. The very low-density lipoprotein fraction was separated by ultracentrifugation, and the highdensity lipoprotein cholesterol concentration was measured from the very low-density lipoprotein-free fraction with heparin-manganese chloride. The lowdensity lipoprotein cholesterol concentration was calculated by subtracting the cholesterol concentration in high-density lipoprotein from that in the very low-density lipoprotein-free fraction. The concentrations of total cholesterol and triglycerides in the plasma were determined by enzymatic colorimetric methods (Boehringer Diagnostica, Mannheim, Germany). Insulin sensitivity was assessed using fasting plasma insulin concentrations and a quantitative insulin sensitivity check index (QUICK Index ¼ (1/log (fasting insulin) þ log (fasting glucose)). The serum creatinine measurement was conducted in the laboratory of University Hospital of Oulu using the Jaffe method. Estimated GFR was calculated using the Modification of Diet in Renal Disease equation (estimated glomerular filtration rate (eGFR) (ml min -1 per 1.73 m 2 ) ¼ 186 Â (serum creatinine in mg per 100 ml) À1.154 Â (Age) À0.203 Â (0.742 if female)). 29 Body mass index (BMI) was calculated as weight in kilograms divided with height in square meters. Waist circumference was measured to the nearest 0.5 cm with a tape measure midway between the lower rib margin and the iliac crest in light expirium. Smoking habits, alcohol consumption, use of medication and medical history were assessed by a written questionnaire. Smoking was also calculated as pack-years (20 cigarettes per day per 1 year ¼ 1 pack-year). Alcohol consumption was calculated from the information given by the patient and converted into grams of alcohol per week.
BP measurements
The office BP was measured from the right arm of the subjects with an automatic oscillometric recorder (Dinamap model 18465X, Criticon Ltd., Ascot, UK). The subjects were seated for at least 5 min, after which BP was measured three times at 1-min intervals. The mean of the second and the third measurement was used in these analyses. ABP was recorded using the fully automatic SpaceLabs 90207 oscillometric unit (SpaceLabs Inc., Redmond, WA, USA), which was set to take a measurement every 15 min from 4:00 AM till midnight and every 20 min from midnight till 4:00 AM. The accuracy and reproducibility of the BP readings obtained with this device have been established previously by the British Hypertension Society and the US Association for the Advancement of Medical Instrumentation. 30 The correct positioning of the cuff in each case was ensured by similarity of the means (difference o5 mm Hg) between four SpaceLabs BP measurements and four auscultatory readings using a Y-connector. The subjects were asked to relax their arm during the measurement. Values of systolic BP o70 or 4250 mm Hg, diastolic BP o40 or 4150, and heart rate o40 or 4150 beats per minute were automatically excluded from the analyses. Fewer than 3% of the BP readings were rejected as artefacts on the basis of these criteria. A reduction in systolic BP values from daytime to nighttime of o10% was considered to represent a non-dipping pattern.
Statistical analyses
The statistical analyses were performed with the Statistical Package for Social Sciences (SPSS version 16.0). Descriptions of study population are given as mean (s.d.), unless otherwise indicated. Continuous variables were examined for skewness and kurtosis, and were either logarithmically transformed to achieve a normal distribution or were subjected to non-parametrical analyses. The subjects were divided into tertiles based on eGFR using the Modification of Diet in Renal Disease estimation. w 2 -test was carried out to assess whether there were differences in the frequencies of the dipping patterns between the eGFR tertiles. Comparisons between groups were calculated by Student's t-test or Mann-Whitney U-test, as appropriate. A general linear model and a logistic regression model (with stepwise method) were created to study the association between dipping status and variation in eGFR. The association between renal function and risk of non-dipping status was studied with a general linear model with adjustments for gender, age, BMI or QUICK Index (as BMI and QUICK Index were significantly correlated), and smoking status. A P value of o0.05 was considered to be statistically significant.
Results
The baseline characteristics of the dippers and the non-dippers are presented in Table 1 as well as the P values for the comparisons between the two groups. Non-dippers accounted for 18.7% of the study population, and on average they were older and had higher BMI, total triglycerides and insulin concentrations, and lower high-density lipoprotein cholesterol concentration and QUICK Index. The clinic BP values did not differ between the dippers and the non-dippers, whereas the daytime systolic and diastolic BP values in ABPM were significantly lower among the non-dippers.
The use of alcohol did not differ significantly between the groups. In the whole study population, self-reported diabetes was prevalent in 7 (1.5%) subjects, diagnosed coronary heart disease in 30 (6.5%) subjects and diagnosed cerebrovascular disease in 7 (1.5%) subjects. Cerebrovascular disease was more common among the non-dippers (four subjects) as compared with dippers (three subjects) (P ¼ 0.020), but the differences were not significant with respect to diabetes or coronary heart disease. Antihypertensive drugs were used by 52 (11.3%) subjects and included diuretics in 11 subjects, b-blockers in 28 subjects, calcium channel blockers in 16 subjects and angiotensin converting enzyme inhibitors in 11 subjects. Antilipidemic drugs were used by 10 (2.2%) subjects, and hormonal replacement therapy by 57 (12.4%) subjects. Aspirin was being taken by 17 (3.7%) subjects.
The mean creatinine concentration was significantly higher and the mean eGFR was significantly lower in the non-dipping group, and in a general linear model adjusted for age, BMI and gender, dipping status remained significantly associated with eGFR (P ¼ 0.032). Furthermore, in linear regression analysis, dipping status was a significant predictor of the variation in eGFR (P ¼ 0.031), in a similar manner as gender and age.
The study subjects were divided into tertiles according to their eGFR values. The proportion of non-dippers was significantly different between the eGFR tertiles with a trend of increasing prevalence with decreasing eGFR as shown in Table 2 , which also displays the eGFR values in the tertiles.
A logistic regression model was created to analyse the independency of the association between renal function (expressed as eGFR tertiles) and dipping status. The subjects in the lowest and in the middle eGFR tertiles had an increased risk of being nondippers as compared with subjects in the highest eGFR tertile in a model adjusted for age, BMI, gender and smoking status as seen in Figure 1 . The use of the QUICK Index instead of BMI in the analysis gave similar results.
Finally, we excluded from the analyses those subjects with self-reported diabetes mellitus, diagnosed coronary heart disease or cerebrovascular disease and those with any antihypertensive or antilipidemic drug treatment. Nonetheless, the association between renal function and risk of nondipping status remained also in this subset (N ¼ 387) of very healthy middle-aged subjects (OR, 2.22 (95% confidence interval (CI), 1.03 to 4.80)) for the lowest eGFR tertile versus the highest eGFR tertile, though for subjects in the middle eGFR tertile the 
Discussion
In this study, we observed a significant independent association between renal function and the dipping status in a random middle-aged population with normal serum creatinine values. There was an increased risk of non-dipping status noted even in those subjects with eGFR values of o88 ml min -1 per 1.73 m 2 . This is remarkable because the inability to exhibit a diurnal variation in BP has been associated with an increased cardiovascular risk.
The disappearance of the nocturnal BP decline is common in advanced CKD, both in children and adults, and the prevalence of non-dipping has been found to increase as the GFR falls. 23, 31 In a study conducted in dialysis patients, the prevalence of non-dipping was shown to be 78 to 80%. 23 In a recently published study, the proportion of nondippers was 52% in people with normal eGFR, whereas it was 69-74% in those with eGFR o60 ml min -1 per 1.73 m 2 .
32
In this study, the subjects could have been regarded as having normal renal function if the assessment was based on their serum creatinine values, whereas using GFR estimates, as recently suggested, 33 revealed many subjects with eGFR values of o90 ml min -1 per 1.72 m 2 , which is the normal level of renal function. The prevalence of non-dipping was increased from 10% to over 20% when the eGFR values were o88 ml min -1 per 1.73 m 2 . On the basis of this finding, it appears that non-dipping is an early phenomenon in deteriorating renal function. Many conditions have been associated with loss of diurnal variation in ABPM, for example, hypertension, sympathetic nerve over-activity, diabetes, insulin resistance, salt-sensitivity, low levels of physical activity, poor sleep quality or sleep apnoea, endothelial dysfunction and antihypertensive medications. 24, 26, 27, [34] [35] [36] Many, if not most of these, are present in renal failure. Hypertension is an early phenomenon in the progression of kidney disease and has been shown to occur before the development of overt renal failure. 37 Increased sympathetic nerve activity has been shown in renal failure, and it has been associated with reduced renal excretory function. 38 Moreover, sympathetic activity has been shown to be increased in hypertensive renal disease even though it does not evoke reduced renal function. 39 Patients with chronic renal failure exhibit glucose intolerance because of impaired response of target organs to insulin, and in a recently published study with middle-aged subjects, mildly impaired kidney function was associated with insulin resistance. 40 Endothelial dysfunction has been shown to be present in all stages of CKD including stage 1 (GFR 60-90 ml min -1 per 1.73 m 2 ), and to worsen in parallel to the reduction in estimated GFR. 41, 42 Patients with sleep-related breathing disorder display a high prevalence (30.5%) of CKD as estimated as eGFR of o60 ml min -1 per 1.73 m 2 .
43
In renal failure, there is also tendency for retention of sodium. 44 Systemic hypertension is a well-known risk factor for the deterioration of renal function, 45 but less is known of the impact of the dipping-pattern on renal function in subjects without pre-existing renal disease. In a recent study, blunted diurnal BP variation was associated with a deterioration in renal function also in subjects with a mean baseline eGFR of 80.5 ml min -1 per 1.73 m 2 , although in that study 87% of the non-dippers were hypertensive and 25% of them had coronary artery disease. 18 Non-dipping has also been associated with an increased risk of progressive renal dysfunction and greater proteinuria in patients with CKD or type I diabetes or essential hypertension. 20, 22, [46] [47] [48] One pathogenetic feature shared by both non-dipping and kidney damage is increased sympathetic nerve activity, which diminishes renal sodium excretion and decreases the GFR by renal vasoconstriction. 49 In a study conducted in type I diabetics, nondipping status was associated with more extensive renal morphological changes. 50 This study has several limitations. As the data are cross-sectional, it is not possible to assess the causality between renal function and the dipping status. The eGFR estimates are based on a single measurement of serum creatinine, and the dipping status was based on a single ABP assessment. We defined the dipping pattern by changes in the systolic BP only, whereas non-dipping can be defined as an inability to produce a reduction in diastolic BP as well. Systolic non-dipping has been found to increase the risk of mortality by 30% as compared with normal dipping pattern. 51 When considering the results of this study, it must be kept in mind that the eGFR values were obtained using the Modification of Diet in Renal Disease formula, which has not been validated in subjects with normal creatinine values. Finally, we do not have data on hard outcomes of CVD. In a study with CKD patients, non-dipping was not independently associated with increased cardiovascular risk. 52 Unfortunately, we do not have data on the albuminuria of our study subjects. Even a slight proteinuria (proteinuria of o300 mg per day or urine protein/creatinine ratio of 40.22 g g -1 ) has been found to increase the risk of non-dipping, 32 and in patients with CKD nocturnal dipping was associated not only with higher eGFR but also with lesser proteinuria and higher serum albumin level. 48 Interestingly, systolic, mean arterial and pulse pressures have been found to relate to proteinuria during the day, whereas during the night, these relationships were weaker with the exception of pulse pressure. The latter remained significantly and similarly associated with proteinuria during the day and night. 53 The independent and joint contribution of reduced renal function and proteinuria on the circadian variation in BP and on cardiovascular outcomes remains to be seen in future studies.
We conclude that even a mild deterioration in renal function is associated with increased prevalence of a non-dipping pattern in ABPM in a random middle-aged population with normal serum creatinine values. The loss of diurnal variation in BP may constitute one mechanism behind the increased risk of CVD already seen in mild renal dysfunction. Nondipping pattern may also predispose or worsen already established renal damage. In subjects with the non-dipping pattern in ABPM, renal function should be assessed carefully to identify mild renal dysfunction, and in all subjects, BP should be treated adequately for 24 h a day.
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What is known about the topic?
K Non-dipping pattern in ambulatory blood pressure monitoring increases risk of cardiovascular disease in high-risk patients, in general, or elderly populations and in patients with primary hypertension. K Non-dipping pattern is more frequent in subjects with chronic renal failure.
What this study adds? K Even a minor deterioration in renal function was associated with increased risk of non-dipping in a random middleaged population. This may constitute one mechanism behind the increased risk of cardiovascular disease already seen in mild renal dysfunction. K Renal function should be assessed carefully to detect mild renal dysfunction in subjects with the non-dipping pattern in ambulatory blood pressure monitoring.
